The ignition characteristics of six different fuels have been correlated as a function of the temperature, pressure, equivalence ratio and oxygen molar fraction in this investigation. More specifically, the ignition delay referred to cool flames, the high-temperature ignition delay and the critical concentrations and ignition times of HO 2 and CH 2 O have been parameterized for n-dodecane, PRF0, PRF25, PRF50, PRF75 and PRF100. To do so, a wide database of ignition data of the aforementioned fuels has been generated by means of chemical simulations in CHEMKIN, solving a detailed mechanism for PRF mixtures and a reduced mechanism for n-dodecane. In fact, 
that can damage the engine [1] . Furthermore, most of the new advanced These modes combine lean equivalence ratios and high Exhaust Gas Recircu-9 lation (EGR) rates to reach low-emission, high-efficiency engines [3] . Thus, 10 nowadays, autoignition has become a really interesting topic in the frame of 11 internal combustion engines [4] . 12 Autoignition characterization is a key procedure in control engine models.
13
Despite the fact that the ignition can be well predicted by means of numer- Wu integral method as a reaction progress variable to determine the instant 44 and location of ignition for heterogeneous mixtures in CFD calculations.
45
Furthermore, the integral method can be applied not only to SI-engines,
46
but also to CI-engines. In fact, on the one hand, Zheng et al. [12] used composed by the two consecutive integrals: 
137
The structure of the paper is the following: first, the methodological 
Methodological approach

144
The methodology followed in this investigation is detailed in this section.
145
More specifically, the generation of a database of ignition delays and critical
146
concentrations is explained, as well as the algorithm used for the fitting 147 procedure of the proposed correlations. ensure the no contamination in this tank, nor in the combustion chamber.
196
Finally, the exact composition of the synthetic mixture is measured by gas • N-heptane and iso-octane:
• PRF25, PRF50, PRF75 and n-dodecane:
The tested range depends on the characteristics of the experimental fa- ignition delays that will have no effect in the computation of the predictive 223 integral method (Eqs. 2 and 3).
224
As said before, CHEMKIN is the software used to obtain the different 
245
Besides, the maximum waiting time for the autoignition of the mixture has 246 been set to 30 s, which provides enough accuracy in the calculations.
247
Specifically, the following information is included in the database:
248
• Operating conditions, which includes fuel, temperature, T , pressure,
249
P , equivalence ratio, φ, and oxygen molar fraction, X O 2 .
250
• Ignition delay referred to cool flames, τ LT HR , which is defined as the 251 time at which the peak of low-temperature heat release rate (heat re-252 lease rate caused by cool flames) occurs.
253
• Ignition delay referred to the high-temperature stage of the process,
254
τ HT HT , which is defined as the time at which the maximum heat release 255 rate occurs.
256
• as the maximum concentration of such species and it has been demon- to reach the critical concentration will be an estimator of the ignition delay,
279
and it can be obtained as follows:
where [CC] represents the concentration of chain carriers and the source 281 term,ω CC , represent a global reaction rate.
282
In this study, the ignition delay is assumed to be composed by two dif-283 ferent terms: one that dominates under medium-to-high temperature con-284 ditions, and another one that dominates under low-temperature conditions.
285
It should be noted that, according to Fig. 2 , an ignition delay term that 286 characterizes the high-temperature conditions where the uni-molecular fuel 287 decomposition is relevant (above 1500 K) has not to be taken into account.
288
Therefore, the total ignition delay will be equal to the sum of the previ-289 ous two, and it can be parameterized (taking into account Eq. 4 and the
290
dependence of the reaction rates on the working conditions) as follows: Thus:
where T a = E a /R represents the activation temperature, in Kelvin, which 310 together with K, n, m, a and b should be fitted to match the database.
311
Regarding the critical concentration of chain carriers, the following sta-312 tistical correlations have been proposed:
and
where C 1 , C 2 and C 3 are:
where a, b, c, d, e, f , g, h, i and j are calibration constants that should be 316 fitted to match the database.
317
The correlations for the critical concentration of chain carriers are not solved by applying an iterative process:
where J = ∂f (x i , β) /∂β is the Jacobian matrix of the correlation. δ repre-
332
sents the variation of β, so that β j+1 = β j + δ. Finally, λ is the Marquardt 333 parameter, which is a non-negative damping factor that is adjusted in each 
Results and discussion
349
The results of the fitting procedure are shown in this section, including used to generate the database. Thus, this transition leads to discontinuities 370 in the τ CH2O function, which are reproduced by a piecewise correlation. The 371 transition temperature is parameterized as follows:
Therefore, if the temperature is lower than the transition temperature, Eq. 6, whereas the following correlation is proposed for τ CH2O in case of 375 having a temperature value above the transition temperature:
In fact, discrepancies in Fig. 7 
4.40·10 
1.00·10 Pearson's coefficient of determination, R 2 , is also plotted in the figures.
392
Finally, Tables 7 to 12 summarize the fitted value of the calibration con-393 stants for all fuels and the critical concentration of both species. Further-394 more, Table 13 summarizes the mean relative deviation,ξ, and the Pearson's 395 coefficient of determination, R 2 , for all fuels and both species, when compar-
396
ing the predicted and the database critical concentration. 8.23·10
N-dodecane
−6
-0.039 -6.60·10
0.031 6.04·10 0.038
-6.34·10
−3
-5.26·10
7.20·10
5.96·10
−3 have been solved using both the database and the correlations.
403
An example of the predictive procedure is shown in Fig. 10 Cool flames High temperaturē 
